Objectives: To evaluate treatment results of electroejaculation in patients with spinal cord injuries and the additional value of repeated electroejaculation. Methods: We carried out a retrospective chart analysis of all spinal cord injury patients treated with electroejaculation at University Medical Center Utrecht, Utrecht, the Netherlands, from January 1994 to July 2015. Data were collected on the patients' demographics and medical history. We evaluated sperm quality according to World Health Organization standards, pregnancy and delivery rates. Results: A total of 230 electroejaculation procedures were carried out in 47 patients. In 227 of 230 electroejaculations (98.7%), an ejaculate could be obtained. In 169 of 230 (73.5%) electroejaculation procedures, it was possible to yield semen containing progressively motile spermatozoa. In 18 of 47 (38.3%) patients, no semen of sufficient quality could be yielded during the first electroejaculation. Repeated electroejaculation resulted in ejaculates containing progressively motile spermatozoa in seven of 18 (38.9%) of these men. Procreation was attempted through in vitro fertilization/intracytoplasmic sperm injection in 17 couples; of these, 14 of 17 (82.4%) couples achieved pregnancy. Conclusions: In the majority of spinal cord injury patients treated with electroejaculation, it is possible to obtain semen that can be used for assisted reproductive technologies. Repeated electroejaculation should be considered when the first procedure fails.
Introduction
EEJ has become an acceptable form of treatment for patients suffering from anejaculation as a result of a SCI. [1] [2] [3] [4] [5] [6] [7] [8] Although most EEJs result in ejaculation, not all ejaculates contain (progressively motile) spermatozoa. 1, 4 The presence of progressively motile spermatozoa, albeit in small numbers, is necessary for semen to be applicable in ART. 9, 10 When a first EEJ procedure does not produce semen of sufficient quality, the physician faces the dilemma of whether or not to carry out a second procedure. Whether or not repeated (electro)ejaculation has a positive effect on semen quality remains debatable, as studies on this issue show contradictory results. 4, [11] [12] [13] [14] [15] [16] [17] Therefore, deciding on how many attempts of EEJ should be carried out before proceeding to surgical sperm retrieval remains a challenge.
The aim of the present study was to retrospectively evaluate the results of treatment with EEJ in 47 men suffering from anejaculation as a result of SCI, and to assess the possible additional value of repeated EEJ.
Methods
A retrospective chart analysis was made of 230 EEJ procedures carried out in patients with SCI between 1 January 1994 and 1 July 2015. Under current Dutch law, the present study was exempt from formal ethical evaluation, although the principles of the Declaration of Helsinki were followed. Data were collected on the cause of the SCI, body mass index, age, SCI level according to the ASIA classification, 18 time-interval between onset of SCI and first EEJ, type of bladder management (CIC, SPC, Cred e's maneuver, spontaneous voiding, transurethral indwelling catheter, Brindley stimulator), sexual hormonal profiles (luteinizing hormone, folliclestimulating hormone and [free] testosterone) and ultrasonographic examination of the scrotum.
Procedure
In patients with incomplete spinal cord lesions, EEJ was carried out under general anesthesia. In patients with complete neurological lesions (ASIA A), the procedure was carried out without general anesthesia depending on the patient's preference. Patients with SCI on level T6 or higher were given a calcium blocker (nifedipine 10 mg sublingual) to prevent autonomic dysreflexia. Before stimulation, the bladder was emptied with a Foley catheter without using lubricants. Subsequently, the bladder was infused with HEPES-buffered human tubal fluid medium with gentamicin and 10% albumin. Patients were then placed in the lateral decubitus position. The rectal probe was positioned at the location of the seminal vesicles for approximately 5 min on each side, and another 5 min in the prostate region. During stimulation the voltage gradually increased to a maximum of 35 V. After the procedure, the bladder was completely emptied; again, using a Foley catheter without lubricants.
At the laboratory, preservation fluid containing a possible ejaculate was then portioned into four 50-mL conical tubes and centrifuged. The supernatant was discarded and the pellets resuspended in a small volume of remaining fluid. The samples were pooled and evaluated. Semen quality was assessed manually according to the World Health Organization standards. 19 The sperm parameters volume (mL), sperm cell concentration (spermatozoa/mL), motility (percentage progressively motile spermatozoa [%]), and TMS (volume 9 concentration 9 percentage progressively motile spermatozoa 9 10 6 ) were evaluated separately for antegrade and retrograde samples.
Surgical sperm retrieval
When EEJ had failed, we proceeded to OESA. OESA was carried out under general anesthesia. Through a midscrotal incision, the vaginal tunic was opened and presentation of the epididymis was established. The epididymal wall was pierced using a 21-G sharp needle connected to a 20-mL syringe containing 0.1 mL preservation fluid. Subsequently, the syringe was retracted with the aim of aspiring spermatozoa. The yielded fluid was immediately evaluated microscopically for the presence of spermatozoa. When no live spermatozoa could be yielded through OESA, testicular biopsy was carried out in the same session. The spermatogenesis was graded according to the Johnsen classification. 20 Before IVF/ICSI treatment, female partners were screened and treated for any coexistent female factors. The IVF/ICSI procedures were carried out as described previously. 21 
Data analysis
For patients who received more than one EEJ treatment, we calculated the mean of the values per semen characteristic (volume, concentration, motility and TMS) of all EEJs carried out. These mean values were used for analysis of data from the entire population.
Patients treated with a minimum of two EEJ procedures were selected for assessment of semen parameter changes after repeated EEJ.
Patients whose first ejaculates did not contain progressively motile spermatozoa, and patients whose ejaculates did, were analyzed separately. The reason making a distinction between these two subgroups is that, from a clinical perspective, the rationale for carrying out a second procedure differs. In patients in whom the first EEJ is not successful, a second procedure is a necessity, as progressively motile spermatozoa are required to proceed to ART. In patients whose ejaculates after a first EEJ already contain progressively motile spermatozoa, a second EEJ is carried out in an attempt to improve semen quality.
We used the Wilcoxon signed rank test to determine any significant changes in TMS. The Student's t-test and Fisher's exact test were used to assess possible predictors (age, time interval since onset, lesion type, type of bladder management) of successful EEJ response. Statistical analysis was carried out with the SPSS version 22.0 (IBM Corp., Armonk, NY, USA).
Results

Baseline characteristics
A total of 47 patients suffering from anejaculation as a result of SCI and treated with EEJ at University Medical Center Utrecht, Utrecht, the Netherlands, were evaluated. Baseline characteristics of the population are presented in Table 1 . Most patients were referred from a rehabilitation center, and had already received treatment with either PVS and (in some cases) also a trial with EEJ. A trial EEJ was carried out in a few patients with complete lesions to determine their fertility potential. However, because of the limited facilities available at the rehabilitation center, these patients were eventually referred to our clinic for further fertility treatment. 6 progressively motile spermatozoa). Semen characteristics are presented in Table 2 .
Absence of (progressively motile) spermatozoa in the ejaculates obtained during the first EEJ was seen in 18 patients (38.3%). In six of 18 (33.3%) patients, no spermatozoa were found in the ejaculates. In the remaining 12 of 18 (66.7%) patients, ejaculates did contain spermatozoa, but none were progressively motile. Of the patients who initially had no progressively motile spermatozoa in their ejaculates, progressively motile spermatozoa were yielded in five of 18 (27.8%) patients during a second procedure. After more attempts at EEJ, progressively motile spermatozoa were obtained in two additional patients; this was after three and seven EEJs, respectively.
In 11 of 47 patients (23.4%), no progressively motile spermatozoa could be obtained by EEJ. The number of EEJs carried out in these patients ranged from two to eight sessions.
We found no significant difference in mean age (31. .4] months, P = 0.950) between the patients in whom EEJ had failed and patients in whom EEJ was successful. Applying Fisher's exact test, we found no significant difference in the proportions of patients with complete/incomplete lesions (P = 0.505), lesions above or on/below T10 (P = 0.710) and type of bladder management (CIC vs other types of bladder management, P = 1.000) between both groups.
The number of reported complications was limited. Two patients had complaints indicative for a urinary tract infection and positive urinalysis, and were treated with antibiotics. One patient experienced autonomic dysreflexia during the procedure, attributable to the fact nifedipine was (for unknown reasons) not given.
Semen parameter changes from first to second EEJ
The median time interval between the first and second EEJ was 7 days (IQR 7-11 days). The group of patients in whom the first EEJ did not yield progressively motile spermatozoa comprised 18 patients. The TMS increased between the first and second EEJ in five of 18 (27.8%) patients. There was a significantly positive difference in median TMS of the samples yielded in the first and second EEJ (P = 0.043).
In 17 patients whose first ejaculate did contain progressively motile spermatozoa, a second EEJ was carried out with the intent to improve semen quality. An increase in TMS was seen between the first and second EEJ in nine patients, and a decrease was found in eight patients. We found no statistically significant difference in median TMS between the first and second procedure in these patients (P = 0.492).
Surgical sperm retrieval
We carried out OESA in 11 patients; this included nine patients in whom no progressively motile spermatozoa could be yielded after multiple EEJs. Also, OESA was carried out in one patient with severe oligoasthenozoospermia. In another patient (diagnosed with hemophilia), OESA and EEJ were carried out simultaneously in one session. This was done to maximize the chance of yielding motile spermatozoa, and because the patient had a favorable coagulation status at that moment that allowed an invasive surgical procedure. Unfortunately, no spermatozoa were obtained during the 11 OESA procedures. The majority of these patients (10/11; 90.9%) had a Johnsen score of ≥7.0. These men were referred to one of the two centers that were certified to carry out TESE.
IVF/ICSI treatment
Determination of fertility potential and preservation of semen, when possible, was the purpose of EEJ in 17 of 47 (36.2%) patients. However, during the study period, two of 17 of these men decided to proceed to ART. In 30 of 47 (63.8%) of the patients, the indication for EEJ was an active desire to have children. Unfortunately, not all of these patients and their spouses proceeded to ART at our center. One couple withdrew from therapy because of financial issues. Another couple was not eligible for ART because no oocytes could be yielded through ovarian puncture. Obviously, patients with insufficient semen quality were not eligible for ART. Other patients had recently received EEJ treatment and were awaiting their first consultation at the fertility department. Table 3 shows our results of ART carried out in 17 of 47 (36.1%) of the patients and their spouses. The median age of the female partners was 30 years (IQR 27-33 years). Two couples were treated with four and five IVF cycles without ICSI, respectively. The fertilization rate of the oocytes (oocytes that developed into 2PN) in the IVF cycles without ICSI was 57 of 109 (52.3%). In total, 47 of 57 (82.5%) of the 2PN zygotes developed into good-quality embryos.
In the ICSI group, 135 of 235 (57.5%) of the injected oocytes fertilized. Of the 135 2PN zygotes, 117 (86.7%) developed into good-quality embryos.
Overall, 59 fresh and 11 frozen embryos were transferred during 49 embryo transfers. A total of 15 pregnancies were achieved which resulted in 14 live births: 13 singleton and one twin. Three live births resulted from frozen embryo transfers and 11 from fresh embryos. The pregnancy/cycle ratio was 15/40 (37.5%). A total of 15 healthy children were born. One pregnancy resulted in an abortion. The live birth ratio was 14/17 (82.4%) per couple.
It is noteworthy that the 14 patients who were able to conceive included three men whose ejaculates did not contain progressively motile spermatozoa after the first EEJ.
Discussion
The aim of the present study was to evaluate the results of EEJ treatment in patients suffering from anejaculation as a result of SCI. We furthermore examined whether repeated EEJ results in improved semen quality. Semen quality did not significantly increase in a subgroup of men who initially had progressively motile spermatozoa in their ejaculates (P = 0.492). We conclude that repeated EEJ has very limited clinical relevance in these men, and we suggest to directly proceed to ART when progressively motile spermatozoa are yielded during the first EEJ.
Previous studies evaluating the effect of repeated (electro) ejaculation on semen quality show conflicting results. For example, Giulini et al., observed a significant improvement in sperm concentration and total sperm motility rate. The authors hypothesized that as a result of anejaculation, the vasa, cauda epididymis and the seminal vesicles become packed with spermatozoa, secretions, leukocytes and other cells involved in the removal of aging spermatozoa. 12 Another possible explanation for improvement of semen quality after repeated EEJ is a decrease in DNA fragmentation after repeated (electro)ejaculation. However, in an earlier study by Brackett et al., no significant difference in DNA damage was found comparing semen obtained after a period of 2-4 weeks of anejaculation compared with 3 days of anejaculation, respectively. 23 Mallidis et al. also reported an increase of semen quality after repeated EEJ. They observed a significant increase of sperm motility on the second and third day of 4 days of consecutive-day EEJ.
14 Beretta et al. also observed improvement of sperm motility, after 3 months of weekly PVS. 22 Four other groups reported no significant improvement of semen parameters after repeated (electro)ejaculation; that is, Heruti et al., 4 Das et al., 11 Sonksen et al. 17 and Siosteen et al. 16 However, it remains debatable whether carrying out a second EEJ in men whose first ejaculates contain progressively motile spermatozoa is necessary at all. Since the introduction of ICSI, patients with severe oligoasthenospermia now have a realistic chance of conceiving. 24, 25 The present results of IVF/ICSI support this, as acceptable fertilization and implantation rates were found. The main reason to attempt to improve semen quality is that a higher TMS might provide the opportunity to achieve procreation through IUI. IUI should be preferred to IVF/ICSI, as it is cheaper, less invasive for the female partner and also has acceptable pregnancy/cycle rates. 26 However, there are several reasons for our choice of IVF/ICSI in this patient population. First, in most cases the semen quality in men with SCI is too low for IUI. Furthermore, in the Netherlands, the first three cycles of IVF/ICSI are covered by the basic health insurance. Also, as IVF/ICSI has a much higher pregnancy/cycle rate, it is also the preferred option for most patients.
When it is not possible to obtain semen suitable for ART through EEJ, proceeding to surgical sperm retrieval is generally considered as the next step. Nevertheless, surgical sperm retrieval modalities (such as TESE), are more invasive, have the risk of a wider range of complications (e.g. wound infection, bleeding and hormonal aberrations) and require a longer recovery time than EEJ. For these reasons, we believe that EEJ should be preferred to surgical sperm retrieval. Furthermore, when the first EEJ fails, we think one must not be too swift in proceeding to these more invasive modalities. This is reflected in the effects we observed of repeated EEJ in the presence of progressively motile spermatozoa in the ejaculates. Of the 18 patients in whom EEJ initially failed; ejaculates containing progressively motile spermatozoa were found in seven of 18 (38.9%) of these patients after repeated EEJ. These results are in keeping with those reported by Iremashvili et al. 13 It is noteworthy that three of seven (42.9%) of the latter patients were eventually able to conceive through ICSI after repeated EEJ, thereby evading the need for TESE. In conclusion, one should not underestimate the possible additional value of repeated EEJ for patients in whom a first EEJ does not result in progressively motile spermatozoa.
In the present study, none of the OESA procedures resulted in harvested semen suitable for ART. The rationale for carrying out OESA is that sperm motility is assumed to be higher in the vas deferens/epididymis compared with sperm motility in the ejaculates. This is because spermatozoa have not yet been mixed with seminal fluid, which is thought to have a detrimental effect on sperm motility in men with SCI. 27, 28 The other reason was that, according to Dutch law, we were not allowed to carry out TESE during the study period. However, we recommend proceeding to TESE when repeated EEJ fails, as better treatment results are reported with this modality. 29 The limitations of the present study included the small sample size (n = 47) and its retrospective nature.
In conclusion, EEJ is a successful method to obtain progressively motile spermatozoa in patients with SCI. Application of IVF/ICSI treatment results in acceptable pregnancy rates. When the first EEJ procedure does not result in a semen sample containing progressively motile spermatozoa, we recommend carrying out at least one repeated EEJ before proceeding to TESE.
